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ABSTRACT 
CALLIE ANNE GREY:  Understand the karoo: investigating the function of a copulation 
call in female wild turkeys Meleagris gallopavo  
(Under the direction of Dr. Richard Buchholz) 
 
Even with the vast amount of research regarding mating vocalizations and their adaptive 
functions, the copulation call of female wild turkeys, Meleagris gallopavo, has yet to be 
described.  The purpose of this study was to describe this novel call, referred to as 
“karoo” and to test three hypotheses for its function.  Previously collected data in the 
form of video tapes and data sheets provided the basis of this study.  Dr. Richard 
Buchholz conducted experimental trials in 2008 and 2009.  Male behavioral data was 
recorded on the videos.  The videos and the data sheets were used to collect female 
behavioral data.  In order to assess the effect of the karoo, male behavioral data were 
compared in four different ways.  Randomization tests were then performed to analyze 
the data.  Female behavioral data were analyzed using a chi-squared test, unpaired t-tests 
and descriptive statistics.  Males karooed to ‘focal males’ and significantly increased 
their courtship efforts after hearing a karoo when compared to their eavesdropping 
neighbors  Karooing hens were more likely to karoo while soliciting, as well as, karoo 
multiple times to a single male.  According to the results, the competitive hypothesis is 
the more supported than the urgency and healthy female “hot mama” hypotheses. 
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Karooing may allow females to assess male dominance and ultimately allow her to mate 
with the highest quality male.  If this is true, karooing females should receive increased 
fitness benefits as a result of the karoo.  
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INTRODUCTION 
 
Communication plays a critical role in how animals respond and adapt to their 
environments (Owings and Morton 1998, p.27).  Animal communication involves a 
stimulus produced by one animal, the signaler, which generates a response in another 
animal, the receiver (Sebeok 1968, p.17).  This communication can result in either 
positive or negative effects on individual fitness.  Cooperative communication occurs 
when both the signaler and the intended receiver experience fitness benefits (Alcock 
1984, p.449).  Cooperation is not the only type of communication among animals.  When 
one animal signals another, this message is often utilized by animals other than the 
intended receiver.  This is referred to as “eavesdropping” and may result in positive 
fitness effects for the “illegitimate” receiver and negative fitness effects for the signaler 
(Alcock 1984, p.448).  The reverse is also possible.  Known as deception or “deceitful 
communication,” an “illegitimate” signaler can use a signal to increase their own fitness, 
while decreasing the fitness of the receiver (Alcock 1984, p.452).  My research 
investigates the adaptive function of a newly discovered vocalization in the wild turkey.  
Before presenting my methodology for studying the function of this vocalization, I 
review the modes of communication that animals may use, and examples of how animals 
use signaling to improve their lifetime fitness, particularly in the realm of sexual 
selection.  
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Background Information 
Modes of Communication 
Animal communication, whether cooperative or not, can occur in four sensory 
modes: visual, chemical, tactile and acoustic.  The modes of communication employed by 
an animal are strongly related to the animal’s morphology, physiology and ecology 
(Sebeok 1968, p.20).   Visual signals are a significant aspect of communication among 
most vertebrates and a few invertebrates (Sebeok 1968, p.103).  Several variables 
including temporal pattern, spatial pattern, degree and plane of polarization, wavelength 
or color, and brightness or intensity can be modified by the signaler in order to convey a 
specific visual message to the receiver (Sebeok 1968, p.104).  A critical aspect in visual 
communication is that the receiver has the appropriate physiological machinery (i.e. 
photoreceptor proteins and cells) in order to decode the signal (Sebeok 1968, p.104).  
Visual signaling encompasses a range of functions such as alarm, aggression, submission, 
sexual attraction and parental care (Sebeok 1968, p.110).  Advantages to visual 
communication include a fast rate of transmission and an ease of localization of the 
sender (Alcock 1984, p.457).  Disadvantages to visual communication include the 
inability to flow around barriers, less effective in dark environments or at night and a 
high risk of exploitation by predators (Alcock 1984, p.457). 
Chemical signals are another important mode of communication among animals.  
These chemicals may be transmitted via liquid or gas and detected far from the secretion 
by smell or near the secretion by smell or taste (Sebeok 1968, p.75).  Chemical 
communication serves a variety of purposes such as assembly, sexual stimulation, 
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territory marking, recognition, recruitment and alarm (Sebeok 1968, p.82-92).  
Advantages to chemical communication are a long range of transmission, ability to flow 
around barriers, can be used at night, low broadcast expense to the sender and a low risk 
of exploitation (Alcock 1984, p.457).  Disadvantages include a slow rate of transmission, 
slow fadeout time and a difficulty of localization of the sender (Alcock 1984, p.457). 
Tactile communication plays a critical role in the behavior of some species.  In 
contrast to visual and chemical communication, tactile communication has far fewer 
functions.  This mode of communication may play a role in sexual and parental behavior 
(Sebeok 1968, p.19).  Advantages to tactile communication include a fast rate of 
transmission, can be used at night or in dark environments, easy localization of the 
sender, low broadcast expense and low risk of exploitation (Alcock 1984, p.457).  
Disadvantages include a very low range of transmission and the inability to flow around 
barriers (Alcock 1984, p.457).   
Acoustic communication has been widely studied in a number of species.  As with 
the other modes of communication, acoustic signals are dependent on a species 
morphology, physiology and ecology.  Acoustic signals can arise from specialized or 
non-specialized organs (Sebeok 1968, p.130).  An example of a sound produced by a 
non-specialized organ is breast-beating in gorillas (Gorilla gorilla) (Sebeok 1968, p.131).  
Examples of specialized sound producing organs include the vocal cords, lips, and larynx 
(or its equivalent in birds, the syrinx).  These sound organs are commonly found in higher 
order vertebrates that produce sounds using air (Sebeok 1968, p.132).  In acoustic 
communication the receiver must contain the appropriate receptor apparatus (i.e. external, 
middle and inner ear) in order to receive the signal; variation in receptor apparatuses has 
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been observed throughout the animal kingdom (Sebeok 1968, p.143).  Some important 
factors of acoustic signals are pulse rate, amplitude, frequency, intensity and rhythm 
(Sebeok 1968, p.132).  Advantages of acoustic communication include the ability to be 
used at night, long range of transmission, fast rate of transmission and fast fadeout time 
(Alcock 1984, p.457).  Disadvantages include a high broadcast expense and a moderate 
risk of exploitation (Alcock 1984, p.457).  In the following section I discuss the adaptive 
functions of acoustic communication in a variety of species. 
Adaptive Function of Acoustic Signaling 
The function of acoustic signals is extremely diverse and dependent on a number 
of factors, but most acoustic signals can be classified into one of three broad 
communication contexts: familial, social groups or sexually related (Sebeok 1968, p.140).  
Vocalizations between parents and offspring play a critical role in the parental care 
system (Jacot et al. 2010).  Fledgling zebra finches, Taeniopygia guttata, among other 
avian species are able to recognize their parents based on their calls (Jacot et al. 2010).  
Parent-offspring recognition allows for more efficient parental care systems and therefore 
results in increased fitness benefits for both the parent and offspring (Jacot et al. 2010).   
Socially related functions include hierarchy, alarm, and territorial calling (Sebeok 
1968 p.140).  Even within a specific functional category like alarm calling, the exact 
information conveyed by acoustic signals varies among species (Soltis et al. 2014).  For 
example, alarm calls emitted by African elephants, Loxodonta africana, can distinguish 
between the types of threat and reflect the urgency of the threat (Soltis et al. 2014).  
Similarly, Digweed and Rendall (2009) suggest that alarm calling in North American red 
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squirrels, Tamiasciurus hudsonicus, may not have a predator specific basis, but may be 
directed at the intruder (predator or conspecific) to communicate detection.   
The purpose of territorial calling is to maintain the signaler’s access to resources 
such as food, breeding grounds or potential mates and is closely related to sexual 
selection in many species, especially birds (Meuche et al. 2012; Brumm and Ritschard 
2011).  For example, male pied bush chats, Saxicola caprata, produce territorial calls in 
order to establish and defend a territory (Sethi et al. 2012).  Producing these calls may 
allow the signalers to avoid physically fighting with conspecifics (Sethi et al. 2012).  The 
main function of territorial calling in male strawberry poison frogs, Oophaga pumilio, is 
to secure mates (Meuche et al. 2012).  Low dominant frequency calls are indicative of 
males with high body condition (Meuche et al. 2012).  Because these calls serve as 
honest indicators of male fighting ability, males who produce low dominant frequency 
calls control territories with high female density; therefore, male mating success is 
increased (Meuche et al. 2012).  While territorial calling can be employed to secure 
potential mates and as a result increase mating success, other vocalizations, directly 
related to copulation (before, during or after) have been observed in several species.  
Before I discuss these further, I review sexual selection theory so that the reader can 
better understand the context of reproductive vocalizations.  
Sexual Selection Theory 
Typically members of one (non-limiting) sex compete for mating privileges with 
the opposite (limiting) sex (Alcock 1984, p.347).  Several factors influence this conflict 
including: parental care investment, mate effort, sex ratio and variability of mate quality 
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(Alcock 1984, p.347; Beltran-Bech and Richard 2014).  The phenomenon of sexual 
selection first described by Darwin includes two different forms of competition, 
intrasexual and intersexual selection.  During intrasexual selection, members of the non-
limiting sex, generally the males, compete with one another for access to the limiting sex, 
typically the females (Bradbury and Vehrencamp 1998, p.746).  This results in selection 
for specific traits like speed, fierceness, and large body size.  Intersexual selection 
involves the limiting sex choosing a mate on the basis of attraction which results in the 
evolution of ornate features such as displays, structures, and vocalizations (Bradbury and 
Vehrencamp 1998, p.746).  These attractive features vary among males, where they serve 
as indicators of quality.  Although male choosiness and female competition does occur in 
some species, I focus on the more traditional mechanisms of male competition and 
female choosiness (Beltran-Bech and Richard 2014; Kotiaho and Puurtinen 2007).   
As previously mentioned, females assess male condition based on secondary 
sexual traits like speed, body size, displays or structures in order to obtain indirect or 
direct benefits.  Indirect fitness benefits are genetic benefits that result in increased 
offspring viability or increased attractiveness of male offspring (Wagner 2011).  Mate 
choice resulting in indirect fitness benefits can be explained by several hypotheses; 
however, I will focus on the good genes hypothesis and the genetic compatibility 
hypothesis.  The good genes hypothesis suggests that females select mates based on 
secondary sexual traits that indicate quality and confer a genetic advantage to their 
offspring (Puurtinen et al. 2009; Anderson and Simmons 2006).  Healthy females choose 
males with good genes to maximize their fitness, but females in poor condition (i.e. 
infected with parasites) may benefit from their own genotypic awareness by selecting a 
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mate whose genes in combination with her own will prevent susceptibility to parasites in 
her offspring (Buchholz 2004; Beltran-Bech and Richard 2014).  Hence, genetic 
compatibility occurs when the combination of male and female alleles is complementary 
and results in greater fitness advantages to the offspring than would have occurred by 
random mating (Puurtinen et al. 2009; Andersson and Simmons 2006). 
Direct fitness benefits of mating are non-genetic, material contributions provided 
to the female by the male that improve the female’s fitness by: 1) increasing the female’s 
survivorship or reproduction or 2) increasing the offspring’s survivorship or reproduction 
(Wagner 2011).  These contributions exist in a variety of forms, including, but not limited 
to: nutrients (i.e. secretions), access to resources on a territory (i.e. nesting sites and 
food), protection from conspecfics or predators and parental care to offspring (Wagner 
2011; Andersson and Simmons 2006).  The parasite avoidance hypothesis and the 
efficient parent hypothesis both emphasize the role of male condition on direct fitness 
benefits.  The parasite avoidance hypothesis suggests that females choose males with 
superior secondary sexual characteristics because these imply a lower risk of obtaining 
parasites from the male, while the efficient parent hypothesis proposes that females prefer 
superior secondary sexual characteristics because males with these traits provide more 
parental care and resources to offspring (Møller et al. 1999).  Hence, individual quality or 
condition (male or female) is strongly related to sexual selection because of its role in 
mate choice.  Reproductive vocalizations, an important feature of mate choice, are 
discussed below along with species examples.   
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Reproductive Vocalizations 
Reproductive vocalizations by males and females are a crucial aspect of sexual 
selection and are observed in many species.  The underlying point of reproductive 
vocalizations is to increase the fitness benefits of at least one of the parties involved in 
mating.  The specific function and timing of these calls varies among species and among 
the sexes, but can be organized temporally as pre-copulation, during copulation and post-
copulation.  Below I discuss species examples of calling scenarios in males and females.  
Pre-copulation Vocalizations.  Calls that occur previous to the immediate 
context of copulation are commonly considered advertisement signals.  Their functions 
are thought to include communication of geographic localization and mate quality to 
conspecifics.  
Males. Historically, the characteristic gobble of the male wild turkey Meleagris 
gallopavo is thought to announce the mating season and attract females (Schorger 1966, 
p.244).  Similarly, recent evidence suggests that male blue peacocks Pavo cristatus 
produce loud calls prior to copulation in order to attract distant females (Yorzinski and 
Anoop 2013).   Because peafowl typically live in thick scrubland or forests, the benefits 
of emitting this loud vocalization may indeed outweigh any risks (Yorzinski and Anoop 
2013).  Many species of male frogs emit mating vocalizations known as ‘advertisements’ 
that also serve to attract females (Emerson and Boyd 1999).  Male rhesus monkeys 
Macaca mulatta as well as two species of poison frogs Dendrobates leucomelas and 
Epipedobates tricolor are believed to produce calls prior to copulation that function as 
‘honest indicators’ of their quality to potential female mates (Hauser 1993; Forsman and 
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Hagman 2006).  Because these calls incur both metabolic and predation-risk costs to the 
producing males, they are able to serve as indicators of good genes to females (Forsman 
and Hagman 2006).  If calling aids in mate location, which ultimately results in mating, 
then both the signaler and the intended receiver will experience positive fitness benefits.  
Likewise, if calling is an indication of the signaler’s good genes and increases its chances 
of mating, then both parties will receive positive fitness benefits.  Therefore, these pre-
copulation vocalizations also serve as good examples of cooperative communication.   
Females. Some species of female frogs produce copulation calls shortly before 
oviposition (Emerson and Boyd 1999).  These pre-copulatory calls function similarly to 
male advertisement calls in that the most logical explanation for these vocalizations is 
mate location (Emerson and Boyd 1999).  However, in other species, the function of a 
female pre-copulatory call may be to provoke male-male competition, such as in the red 
junglefowl Gallus gallus and Lapland longspurs Calcarius lapponicus (Montgomerie and 
Thornhill 1989).  The proximity of the males during the call and the volume of the call 
support this idea (Montgomerie and Thornhill 1989).  “Protest moans” produced by 
female Alaskan moose, Alces alces gigas, are a form of pre-copulation calling that also 
elicit male-male competition (Bowyer et al. 2011).   Inciting male-male competition 
ensures that the female will mate with the most dominant male, probably increasing her 
own fitness and allowing her to exercise a form of choice (Montgomerie and Thornhill 
1989; Bowyer et al. 2011). 
Copulation Vocalizations.  Less common, and unlike in the case of pre-
copulatory calls, copulation vocalizations occur when mating has begun.   
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Males. Male greater horseshoe bats, Rhinolophus ferrumequinum, are a species 
with a variety of complex calls (Liu et al. 2013).  Included in this repertoire are 
vocalizations produced during copulation, which differ from other vocalizations both in 
structure and context in which they are produced (Liu et al. 2013).  Because males do not 
produce any pre-copulation displays, vocalizations or other signals, and copulation 
involves restraining the female, calling during copulation may distinguish male sexual 
behavior from aggressive behavior (Liu et al. 2013).  Differentiating between these two 
motivations is important in increasing female receptivity and ultimately increasing the 
chances of a successful copulation (Liu et al. 2013).    
Females. Female Barbary macaques Macaca sylvanus are believed to emit 
copulation calls as a means of provoking competition between males for access to the 
caller, which would increase the female’s chance of mating with the most dominant male 
(Pfefferle et al. 2008).  Copulation calling by these females also provokes male 
competition on the sperm level.  Sperm competition occurs when a female copulates with 
more than one male during her fertility cycle which causes paternity confusion (Pfefferle 
et al. 2008).  The dual purpose of copulation calling by these females may result in more 
viable offspring that receive more parental investment from males.     
Post-copulation Vocalizations.  As with copulatory calls, post-copulatory calls 
are uncommon in comparison to pre-copulatory advertisements.  
Males. The male Columbian ground squirrel, Spermophilus columbianus, is one 
of the few published examples of a species that vocalizes after copulation (Manno et al. 
2007).  This species is polygynous, with the females mating promiscuously during 
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oestrus (Manno et al. 2007).  Post-copulatory calls produced by males have been shown 
to delay females from copulating with other males; therefore, increasing the likelihood 
that the caller will be the father of the female’s offspring (Manno et al. 2007).  
Females. Post-copulatory calling has also been observed in some female 
Columbian ground squirrels (Manno et al. 2008).  This “estrus call,” similar in function 
to the calling of female macaques, is thought to encourage sperm competition via 
multiple matings (Manno et al. 2008).  Sperm competition may benefit females through 
multiple paternity or paternity confusion (Manno et al. 2008).  Multiple paternities could 
result in variation within the litter that may increase the reproductive success of their 
mother.  Paternity confusion is beneficial because it increases parental involvement of 
males and reduces infanticidal attacks (Manno et. Al 2008; Pfefferle et al. 2008).  Now 
that I have reviewed the theoretical background relevant to this study, I present the 
objectives and the methodology for studying the function of a novel copulation call in 
female wild turkeys.  
Objectives 
The purpose of this study is to a) describe the copulation call of the wild turkey 
and b) test three hypotheses for the function of the call.  The “karoo,” vocalization is a 
newly discovered, brief, guttural call performed by a female in the presence of a male 
without tactile contact.  It is performed in three contexts: within seconds before a female 
adopts the mating solicitation posture, while she is positioned in the solicitation crouch or 
simply upon close observation of a courting male.  I propose three hypotheses that may 
explain this behavior: the competitive hypothesis, the urgency hypothesis, and the healthy 
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female “hot mama” hypothesis (Table 1).  In order to understand the predictions, the 
reader should familiarize his- or herself with the turkey behaviors described in Table 2. 
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Table 1. The three hypotheses proposed to explain the function of karooing by turkey 
hens, their definitions, and the predictions used to test each hypothesis. 
 
Hypotheses Definition Predictions – Male 
Behavior 
Predictions – Female 
Behavior 
The 
competitive 
hypothesis 
The purpose of 
the call is to 
elicit male 
competition.  
This ensures the 
female will 
mate with the 
most dominant 
male. 
Karooed to males: 
1. Higher rates 
of 
aggression 
2. Higher rates 
of strutting 
3. Higher 
percent of 
time 
displaying 
Karooing females: 
1. Karoo before or 
without soliciting 
2. Many karoos to a 
single male 
The urgency 
hypothesis 
The purpose of 
the call is to 
stress to the 
male the 
female’s 
immediate 
desire to mate.  
Karooed to males: 
1. Higher rates 
of pecking 
2. Higher rates 
of push wire 
Karooing females: 
1. Infected with 
coccidia 
2. Higher rate of 
solicits 
3. Higher ratio of 
solicits to visits 
4. Karoo during 
solicit 
5. One karoo to a 
single male  
6. Short latency of 
first solicit 
The healthy 
female “hot 
mama” 
hypothesis 
The purpose of 
the call is to 
communicate 
the female’s 
healthy status to 
the male.  
Karooed to males: 
1. Higher rates 
of pecking 
2. Higher rates 
of push wire 
Karooing females: 
1. Uninfected with 
coccidian 
2. Lower rate of 
solicits 
3. Lower ratio of 
solicits to visits 
4. Karoo during 
solicit 
5. Many karoos to a 
single male 
6. Long latency of 
first solicit 
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Behavior – male Definition 
Pecking When a male strikes his beak between the wires 
at the front of his cage, usually in the presence of 
a female, but not always 
-different from pecking at food 
Push wire When a male pushes his body against the wire at 
the front of his cage, usually in the presence of a 
female, but not always 
Aggression When a male pushes his body against or pecks at 
the sides of his cage toward his neighbor 
Full tail When a male’s tail is fully erect – displaying 
Half tail The intermediate between standing still and fully 
displaying 
Standing Still When a male is not displaying 
Strutting When a male is in full tail, he drags his wings 
close to the ground, “pfft” sound is audible, tail 
feathers shake 
Behavior – female  
Visit Anytime a female enters the near lane in front of 
a male cage or remains in the middle lane in front 
of a male cage for more than ten seconds 
One-half solicit Female’s legs are bent, not fully laying on the 
ground, wings behind her 
Full solicit Laying with her ventral surface on the ground, 
wings behind her, bracing herself 
Karoo Brief, guttural call emitted by some females in the 
presence of a male  
 
Table 2. These are the behaviors observed and recorded for males and females. 
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Competitive Hypothesis   
The competitive hypothesis proposes that a karoo induces competition between 
males.  In accordance with the theory of sexual selection, the female should want to 
solicit the most dominant male in order to maximize her own fitness.  Male dominance is 
closely related to male quality.  Assuming dominance has a genetic basis, mating with the 
most dominant male would increase the female’s chances of producing high quality 
offspring.  High quality offspring are more likely to survive and reproduce.  Also, if her 
sons inherit the ‘good genes’ contributing to dominance, they will have a greater chance 
of reproducing.   
In this context, karooing is a way to assess the dominance of the male karooed to.  
Eavesdropping males may take advantage of this signal and compete for the chance to 
copulate with the female.  If the female is able to confirm that the male karooed to is the 
most dominant and the chance of copulation increases, communication is cooperative, 
resulting in increased fitness benefits for both parties. 
I make four predictions under this hypothesis. First males that hear the karoo are 
predicted to exhibit higher rates of aggression to other males.  This prediction is based on 
the fact that in the wild, male dominance is determined by aggressive fighting in the form 
of wrestling, spurring and pecking (Watts and Stokes 1971).  Second, males that hear the 
karoo should increase their investment in courting the hen compared to when they do not 
hear it, so that they can entice her to copulate before competitors arrive.  Third, hens 
should karoo before committing to a male by adopting the crouching mating posture.  
Theoretically until a female has witnessed the outcome of male-male competition, she 
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does not have enough information to choose the most dominant male.  Fourth, a hen will 
karoo multiple times to the same male in order to create conditions suitable for assessing 
male dominance.  
Urgency Hypothesis  
Cooperative communication may occur between males and females when a 
speedy insemination event will be of benefit to both parties.  Males benefit from rapid 
mating because they can use the time saved to increase their reproductive success by 
finding additional mates.  Female fitness, however, has not traditionally been thought to 
benefit from polyandry (Slatyer et al. 2012) in the way that polygyny benefits male 
fitness.  When should hens be hasty and signal a willingness to copulate quickly?  
Unhealthy hens may incur a greater energetic cost and predation risk during mate 
sampling than non-infected hens (Beltran-Bech and Richard 2014).  Therefore I predict 
that karooing hens are likely to show low body condition and/or infection by parasitic 
coccidian. 
 Additional predictions are that female urgency will be characterized by: quick 
soliciting (i.e. short latency of the first solicit), a high rate of solicits and a high ratio of 
solicits to visits.  In other words, karooing females will solicit sooner and more frequently 
during their trials compared to non-karooing females.  Because the purpose of the karoo 
under this hypothesis is to alert the male of the female’s urgency, the karooing female 
will likely solicit and then karoo when she realizes her copulation needs are not being 
met.  She may then leave that male and move on to solicit another male.  Because 
copulating with an unhealthy hen may not be a good investment of a male’s reproductive 
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effort, I believe the karoo in this context is a form of uncooperative communication.  If 
the male is unaware of the female’s condition this hypothesis predicts that males will be 
more motivated to mate with karooing females than with non-karooing females.  The 
male’s motivation to mate will be characterized by a reduction in display rate, since the 
female has already signaled her urgency to mate, and an increase of pecking and push 
wire, male behaviors associated with his attempts to access the female for copulation.   
Healthy Female “Hot Mama” Hypothesis 
  In contrast to the previous hypothesis, the karoo may instead represent 
cooperative signaling in which the healthiest females (“hot mamas”), karoo to 
communicate superior health status to the male!  Theoretically, males should want to 
mate with healthy females.  A healthy female may be more fecund (i.e. lay more eggs) 
and pass the good genes for health to the male’s offspring, increasing his fitness.  If males 
are more likely to solicit females who karoo than females who do not, then karooing 
females may have a competitive edge over non-karooing females.  Competition among 
females may be necessary because a male’s sperm supply is not infinite (Wedell et al. 
2002).  After mating, vertebrate males require a recovery period; ejaculates in subsequent 
matings often have lower sperm counts (Wedell et al. 2002).  Because male wild turkeys 
seek to mate with multiple females, it may benefit females to compete for the best males 
in order to secure the highest quality sperm to ensure fertilization of her entire clutch of 
eggs.  If this scenario is true, both the female and the male obtain positive fitness benefits 
as a result of karooing, and cooperative communication occurs.   
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This hypothesis predicts that the karooing hen will be in better health (i.e. 
uninfected with coccidian) and body condition than non-karooing females.  Because 
karooing hens are healthy and essentially high quality mates, I suggest that they will be 
more selective when soliciting a male so as to increase their chances of mating with a 
male of equal quality.  Therefore, the behavior of karooing hens compared to that of non-
karooing hen is characterized by: longer latencies of the first solicits, lower rates of 
soliciting and lower ratios of solicits to visits.  Because the female is trying to 
communicate her superior healthy status in order to compete for quality male sperm, she 
should karoo after soliciting the best male.  She should also karoo multiple times to the 
same male in order to stress her superiority over other females.  Male behavior in 
response to the karoo is characterized by high rates of pecking and push wire, in this case 
because she is a superior resource to the mating male.   
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METHODS 
 
Study Species 
Wild turkeys Meleagris gallopavo are members of the order Galliformes and 
family Phasianidae along with quail, pheasants, jungle fowl and peafowl (Stangel et al. 
1992, p. 18).  There are six subspecies of wild turkey: Eastern M. g. silvestris, Florida M. 
g. osceola, Rio Grande M. g. intermedia, Merriam’s M. g. merriami, Gould’s M. g. 
Mexicana and South Mexican M. g. gallopavo (Stangel et al. 1992, p.20).  Today, wild 
turkeys live in every state in the United States except Alaska as well as parts of Mexico 
and Canada (Eaton 1992).  Wild turkeys exhibit sexual dimorphism; males are larger, an 
average of 17 to 21 pounds and 40 inches tall, with colorful, iridescent feathers, while 
females are smaller, an average of 8 to 11 pounds and 30 inches tall, with duller brown 
and gray feathers (Pelham and Dickson 1992, p.34).  
Mating season for wild turkeys can be influenced by weather, but generally it 
begins between February and April (Healy 1992, p.47).  Variations in mating systems 
exist between subspecies.  In the Eastern subspecies males exhibit dominance polygyny 
in which males compete for access to females; a hierarchy is formed that generally results 
in few males mating with many females (Krakauer 2008).   In the Rio Grande subspecies, 
courtship is cooperative and is explained via the theory of kin selection in which groups 
of two to four related male turkeys form in order to court females (Watts and Stokes 
20 
 
1971; Krakauer 2008; Krakauer 2005).  Only the dominant male mates with the females; 
however, the fitness of both the dominant and subordinate males increases, directly and 
indirectly respectively (Krakauer 2005).  
  All subspecies are similar in that they are promiscuous, meaning the males and 
females engage in multiple matings, and males invest no parental care in their offspring 
(Bent 1963, p.329; Healy 1992, p.50; Krakauer 2008).  Therefore, it is important for 
females to obtain ‘good’ or ‘complementary’ genes from the males they mate with, since 
genetic benefits are the only benefits they receive from mating.  Courtship involves males 
displaying, or fanning their tail feathers, and strutting (Bent 1963, p.329).  When a female 
solicits copulation with a male, she crouches low to the ground and waits for the male to 
mount her (Healy 1992, p.49).  The male approaches the female from the rear and stands 
on her back while treading his feet on her sides (Healy 1992, p.49).  This action causes 
the female to lift her tail and overt the oviduct so that the cloacae can make contact 
(Healy 1992, p.49).   
Wild turkeys are appropriate for studies of sexual selection because they are 
highly polygynous, remarkably ornamented, and amenable to manipulation under captive 
conditions. Males’ ornamentation includes: a hair-like beard, caruncles, skullcap, snood, 
dewlap and iridescent plumage (Buchholz 1995; Hill et al. 2004).  Some of the 
ornamental features found in male wild turkeys may serve as indicators of individual 
quality that can be assessed by females.  For example, snood length and skullcap width 
are indicative of coccidia levels, male condition and possibly age (Buchholz 1995).  
During mate choice healthy females prefer males with longer snoods and broader 
skullcaps (Buchholz 1995), probably because longer snoods are associated with lower 
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burdens of infection by coccidia, which are parasitic protozoa that damage the intestinal 
lining.  Plumage iridescence is also affected by coccidian infection, suggesting that it 
may serve as a reliable indication of a male’s health status (Hill et al. 2004).  Interestingly 
parasitized females do not prefer males with the longest snoods, but nevertheless show 
evidence of being choosier than uninfected hens (Buchholz 2004).  Some features 
important in female choice may also play a role in male-male competition, specifically 
snood length (Buchholz 1997).   Snood length is a strong indicator of dominance, with 
dominant males having longer relaxed snood lengths than subordinate males (Buchholz 
1997). 
Vocalizations are an important aspect of wild turkey behavior.  Poults begin 
calling even before hatching (Eaton 1992).  These peeping calls gain the attention of the 
mother and elicit a yelp response (Eaton 1992).  Within the first two days of hatching, 
poults can recognize their mother’s call; this phenomenon known as imprinting is crucial 
for the poults’ survival (Eaton 1992).  Turkeys have an estimated twenty-eight calls in 
their vocabulary, some of which include the recognizable gobble of males, a lost yelp 
produced by both sexes and a predator alarm also produced by both sexes (Healy 1992, 
p.63; Eaton 1992).  As previously mentioned, the gobble of the male may function to 
announce the mating season and attract distant females, but gobbling is also produced in 
response to loud noises like car horns or barking dogs (Schorger 1966, p.244; Eaton 
1992).  The lost yelp is used to reassemble a flock after it has been scattered (Eaton 
1992).  The predator alarm call is the most staccato call produced by turkeys and 
functions just as the name suggests (Eaton 1992).   
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Vocal production in birds seems to vary across species; however, the syrinx 
appears to be the most important organ for producing vocalizations in avian species 
(Çevik-Demirkan et al. 2007).  This organ is located where the trachea splits into the two 
primary bronchi (Düring et al. 2013).  In the turkey, the syrinx is made up of the last two 
tracheal rings and the first bronchial cartilage (Çevik-Demirkan et al. 2007).  Also 
associated with the syrinx are two pairs of membranes important in sound production, the 
membrane tympaniformis lateralis and medialis (Çevik-Demirkan et al. 2007).  In 
songbirds, the syrinx controls the frequency and temporal dynamics of sound (Düring et 
al. 2013).  Fine tuning of sound is accomplished with the help of syringeal muscles, a 
type of muscle associated with sound production found in vertebrates, which are under 
the control of the nervous system (Düring et al. 2013).   
Birds lack a pinna, the flap that forms the external ear and concentrates sound; 
however, wild turkey hearing is thought to be acute (Pelham and Dickson 1992, p.35).  In 
galliform species, the inner ear may be adapted for detecting low frequencies because 
most hair cells and more than fifty percent of the basilar papilla, sensory epithelial cells, 
function in detecting frequencies lower than 1kHz (Corfield et al. 2013).  A possible 
explanation for this apparent specialization is that many galliformes produce vocal and 
non-vocal sounds at low frequencies (Corfield et al. 2013).       
Wild turkeys provide an excellent model for the study of mating vocalizations 
because they are sexually dimorphic and much of their mating system is already 
understood.  The sexual dimorphism in wild turkeys allows males and females to easily 
be distinguished during observational studies.  Understanding their mating system and 
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courtship behaviors helps in investigating the functions of new aspects (i.e. the karoo) 
and how they might fit in the broader context of mating.    
Materials 
I used previously collected data in the form of video tapes and behavioral data 
sheets as the basis of this study.  Experimental trials in a mate choice arena (Figure 1) 
conducted by Dr. Richard Buchholz in Spring 2008 and Spring 2009 were recorded on 
the video tapes.  Each video camera recorded the activities of two males housed side-by-
side in cages, yielding eight separate recordings per trial.  During each trial the video 
captured male reactions to the behavior of a single female, including her karoos, solicits 
and visits to the males’ cage front.  Arena-wide female movement during the trials were 
observed by Dr. Buchholz and simultaneously recorded on data sheets.  To quantify the 
videotaped behavior of the turkeys, I programmed JWatcher software to track behavioral 
events and states according to assigned keyboard strokes.   JWatcher is a freely available 
behavioral analysis software program written in Java so that it may be used on a variety 
of operating systems (Blumstein and Daniel 2007).  
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Figure 1. The mate choice arena and female group cages.  
Females were kept in cages A-D depending on the treatment they received.  Cages 1-16 
were each occupied by a single male.  Wire in front of cages 1-16 prevented direct 
contact with the females during the trials.  In order to determine the relative position of 
the females, the arena was divided into three “lanes” with floor paint: far, middle, and 
near.   
 
 
KEY 
Female 
Cages  
6.1 x 4 m 
 A  No antigen, no 
infection 
 B Antigen, no 
infection 
 C Antigen, 
infection 
 D No antigen, 
infection 
2009 roaming area 
for females in 
2009, consists 
of three lanes 
 F far lane, 1 m 
 M middle lane, 
0.6 m 
 N near lane, 0.6 
m 
MC male cage, 1.5 
x 3.1 m 
2008 roaming area 
for females in 
2008, consists 
of one wide 
lane (1.57 m) 
and a grassy 
strip 
 GS grassy strip, 
0.3 m 
Total 
length 
24.8 m 
 wire, limit 
contact 
 separates 
lanes 
 barriers, limit 
visibility and 
contact 
GS 
A 
B 
C 
D 
F M N 
MC 
 
2009 2008 
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Experimental Design of Mate Choice Trials 
At eight weeks of age, the captive-reared wild turkey hens that Dr. Buchholz 
tested were assigned to one of four treatment groups: A) no antigen, no infection, B) 
antigen, no infection, C) antigen, infection, D) no antigen, infection (Figure 1).  Poults 
from cages B and C were given antigens prepared from sporulated coccidian oocysts.  
The antigens were administered via a single muscular injection to stimulate antibody 
production, followed by bite-size gelatin pieces scattered around the pen on three 
separate occasions to stimulate intestinal immune responses.  A saline injection and 
gelatin pieces without antigens were given to poults from cages A and D as a control.  
Poults from the infected treatment groups (C and D) were given approximately 12,000 
sporulated coccidian oocysts in a sugar solution by mouth after the birds in treatment C 
had completed their period of antigen exposure.  Uninfected chicks (cages A and B) were 
fed a sucrose solution at this time as a control.  Anti-coccidial medications were 
administered to treatment groups A and B continuously in their drinking water. 
In 2008, 174 trials were performed.  In 2009, 173 trials were performed.  Each 
year each hen was tested individually and only once.  In 2008 at the beginning of each 
trial the hen was walked to the end farthest from her cage, and then allowed to roam the 
choice arena.  In 2009 the hen was released from her cage and immediately allowed to 
freely roam the choice arena.  For each year, 16 males were used during each trial.  Males 
were kept in separate, but side by side cages (1-16) in order to prevent physical contact 
with one another (Figure 1).  Visual contact between males was also limited by the walls 
of the cages.  When roaming the choice arena, hens were able to see males, but physical 
contact was limited by a wire barrier at the front of each male cage.   
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Male Behavioral Data Collection 
In order to evaluate the effects of the karoo on male behavior, each instance in 
which a female karooed (referred to as a ‘focal trial’) was compared to a similar instance 
without a karoo (‘non-focal trial’).  Non-focal trials were matched to the focal trials on 
the basis of three criteria: 1) same male, 2) same type of female copulation posture (i.e. 
one-half solicit, solicit, or no solicit) and 3) same duration of female activity.  Meeting 
these criteria ensured that the non-karoo and karoo related samples of male behavior were 
as similar as possible with the exception of the karoo.   
Male behavior was quantified using the JWatcher software (Table 3).  The 
behavioral event counts and the start and end times of the behavioral states were 
extracted from JWatcher and imported into an Excel spreadsheet.  Male behavioral data 
calculated from the spreadsheet included: rate of strutting, rate of pecking, rate of push 
wire, rate of aggression, rate of mounting, the percent of time that the male displayed 
(full tail) and the percent of time spent mounting.  To determine the effect of the karoo on 
male behavior, relevant predictions were evaluated with three sets of behavioral 
comparisons: 1) behavior from the male karooed to during the focal trial compared to his 
behavior on another day in response to a female who did not  karoo, 2) changes in the 
behavior of a neighboring male who eavesdropped on the female before and after her 
karoo during the focal trial, and 3) behavior from the eavesdropping male during the 
focal trial compared to himself on a day without a karoo (Table 3 and Figure 2).  
Eavesdropping males were neighbors to the male who was solicited by the hen.  A fourth 
method was used to judge the degree to which the visual signal of solicitation enhanced 
the karoo signal.  This was evaluated by comparing the behavior from the male karooed 
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to during the focal trial to the eavesdropping male during the focal trial (Table 3 and 
Figure 2).  
 
 
 
Table 3.  The four ways in which male behavior was compared in order to determine the 
effect of the karoo.   
 
 
 
Data compared Males 
compared 
Description 
1) Behavior from the 
male karooed to 
during the focal trial 
(AK) compared to 
behavior from the 
same male on a day 
without a karoo (AN) 
Male AK 
versus Male 
AN 
This data set compares male behavior 
during the focal trial (five minutes 
beginning with the first karoo) to male 
behavior of the same male on a 
different day without the karoo (five 
minutes beginning with the 
corresponding female activity). 
2) Behavior from the 
eavesdropping male 
(BK) compared to 
himself during the 
focal trial (BK) 
Male BK 
versus Male 
BK 
This data set compares male behavior 
of the eavesdropper during the five 
minutes before the karoo to himself 
during the five minutes after the 
karoo. 
3) Behavior from the 
eavesdropping male 
during the focal trial 
(BK) compared to 
himself on a day 
without a karoo (BN) 
Male BK 
versus Male 
BN 
This data set compares male behavior 
of the eavesdropper during the focal 
trial (five minutes before and after the 
karoo) to male behavior of the same 
male on a different day without the 
karoo (five minutes before and after 
female activity). 
4) Behavior from the 
male karooed to 
during the focal trial 
(AK) compared to 
behavior of the 
eavesdropping male 
during the focal trial 
(BK) 
Male AK 
versus Male 
BK 
This data set compares male behavior 
during the focal trial (five minutes 
beginning with the first karoo) to male 
behavior of the eavesdropper during 
the focal trial (five minutes beginning 
with the first karoo). 
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AK BK 
BN AN 
C 
D 
1 
Karoo female 
2 
3 
4 
Focal Trial 
Non-focal Trial 
Figure 2. Chart showing male behavioral data collection. Numbers and 
letters correspond to those in Table 3.  
Silent female 
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Statistical Analysis   
 Because the focal males were chosen by the females, rather than at random by the 
researcher, and some karooing individuals contributed multiple, non-independent values 
to the small data set, the assumptions of parametric tests were not met.  Randomization 
tests are a suitable alternative for analyzing such data. Randomization tests involve three 
basic steps: 1) calculating a test statistic from the original data set, 2) shuffling the 
original data x amount of times and calculating a test statistic for each shuffle, and 3) 
comparing the initial test statistic to the results obtained from the repeated shuffling, 
referred to as the sampling distribution (Howell 2007).  Because these tests are used 
when random samples from a population are not available, they are not generally 
concerned with populations or their parameters (Howell 2007).  As a result, the 
disadvantage of this type of test is that inferences about the larger population (that is, “all 
turkeys”) cannot be made (Howell 2007) from my statistical results.   
Randomization tests were performed using an Excel spreadsheet formulated for 
such tests by Michael Wood (2012).  Tests were conducted on the following male 
behavioral data: rate of strutting, rate of pecking, rate of push wire, rate of aggression, 
rate of mounting, the percent of time that the male displayed (full tail) and the percent of 
time spent mounting.  The general null hypothesis for this study is that the karoo has no 
effect on male behavior.  The test statistic used for these tests was the difference between 
the means.  After the initial difference was calculated, the data was shuffled 5000 times, 
each time calculating the difference between the means.  The initial (i.e. observed) mean 
difference was compared to the reference distribution of mean differences consisting of 
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5000 reshuffles to generate the probability that the observed difference is due to chance 
alone (i.e. a p value). 
Female Behavioral Data Collection  
The data sheets previously mentioned provided the basis for collection of female 
behavioral data.  Information collected from the data sheets included: trial length, identity 
of the females, treatment group, latency of the first solicit, rate of soliciting and ratio of 
solicits to visits.  This information was collected for all of the trials in which a female 
karooed as well as all of the trials in which a female solicited at least once.  Additional 
female behavioral data collected from the videos included: the total number of karoos, the 
number of karoos per male and the solicitation behavior associated with each karoo.   
Statistical Analysis 
Differences in the latency of the first solicit, the rate of soliciting and ratio of 
solicits to visits between karooing and non-karooing females were compared via unpaired 
t-tests using the StatView statistical application (StatView 1998).  In order to determine 
the likelihood of karooing females occurring in infected or non-infected treatment groups, 
a chi-squared test was performed.  Because the sample size was small and some of the 
samples were related, descriptive statistics were used to assess female behavior 
associated with the karoo.  To address the predictions concerning the number of karoos to 
an individual male, two proportions were calculated: 1) the number of males karooed to 
multiple times over the total number of males karooed to, and 2) the number of males 
karooed to only once over the total number of males karooed to.  
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RESULTS 
 
Description of the “karoo” 
 This brief, guttural vocalization produced by hens is performed in the presence of 
a male without tactile stimulation.  Females were observed emitting this call while going 
into a partial or full solicit, while already soliciting and without soliciting a male.  Leg 
and wing position vary depending on the state of the female (i.e. partial solicit, full 
solicit, no solicit) during which the call is produced.  In every case, hens extend their 
necks to roughly a 45˚ angle and keep their heads parallel to the ground while producing 
this call (Figure 3).  Variation can also be seen in the duration, frequency and amplitude 
of the karoo (Figure 4).  This variation exists among karooing females and within 
females.  A single karoo lasts less than one second, generally between 0.500 and 0.700 
seconds, with a frequency around 4 kHz. 
 Each year six females were observed karooing during their trials.  For 2008 
3.45% of hens karooed, compared to 3.47% in 2009.  Three of the females who karooed 
in 2008 also karooed in 2009; therefore, nine different females karooed in 2008 and 2009 
combined.  The six hens in 2008 emitted a total of 86 karoos combined, while the six 
hens in 2009 produced a combined total of 43 karoos.  Hence, twice as many karoos were 
given in 2008 than in 2009. 
32 
 
 
                             
 
 
 
  
            
 
   
Figure 3. Schematic of female karooing behavior. 1) Female is in a full solicit.  2) Female 
is karooing while fully soliciting.  After karooing, the female returns to position 1.    
 
 
 
 
1 
2 
Lateral View 
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a) 
 
 
b) 
 
 
Figure 4 a-b. Graphs depicting the waveform (top window) and spectrogram (bottom 
window) of two karoos produced by the same female. 
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 The average rates of male behaviors did not show much variation between years, 
with the exception of pecking (Table 4 and Figure 5a).  Average rates of pecking were 
higher in 2009 (average = 6.44 x 10
-5
) compared to 2008 (average = 2.37 x 10
-5
).  The 
average fraction of time displaying by males in 2008 also did not dramatically change in 
2009 (Table 4 and Figure 5b).   
Year Statistic Pecking push wire strutting aggression Displaying 
2008 
Averages 2.37 x 10
-5
 3.49 x 10
-5
 3.00 x 10
-5
 1.387 x 10
-5
 0.6998537 
SD 6.32 x 10
-5
 5.10 x 10
-5
 2.23 x 10
-5
 2.42 x 10
-5
 0.2509711 
Ranges 0.000222 0.000173 0.000065 8.27 x 10
-5
 0.9264533 
2009 
Averages 6.44 x 10
-5
 2.71 x 10
-5
 2.66 x 10
-5
 2.23 x 10
-5
 0.6783676 
SD 0.000105 2.43 x 10
-5
 3.59 x 10
-5
 2.139 x 10
-5
 0.234097 
Range 0.000315 7.71 x 10
-5
 0.000115 7.825 x 10
-5
 0.8287919 
2008 
and 
2009 
Averages 4.65 x 10
-5
 3.21 x 10
-5
 2.92 x 10
-5
 1.829 x 10
-5
 0.6907282 
SD 8.98 x 10
-5
 3.92 x 10
-5
 2.97 x 10
-5
 2.321 x 10
-5
 0.2423647 
Range 0.000315 0.000173 0.000115 8.267 x 10
-5
 0.9264533 
 
Table 4. Averages, standard deviations and ranges of male behavioral variables.  Values 
correspond to those in Figures 5 a-b.  
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a) 
 
b) 
 
Figure 5 a-b.  Graphical representations of average male behavior. 
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Competitive Hypothesis  
 Limited support for the competitive hypothesis was found.  On average, strut rate 
and percentage of time spent displaying decreased after hearing a karoo among focal 
males compared to non-focal males and among focal neighbors compared to non-focal 
neighbors in 2008 and 2009 (Appendix A1-3)I would have preferred this hear than in an 
appendix..  As a result, higher rates of strutting and higher percentages of time displaying 
were not more likely to occur in focal males or focal neighbors after hearing a karoo 
compared to non-focal males and non-focal neighbors in 2008 and 2009 (Appendix A1-
3).  Focal males were more aggressive after hearing a karoo than non-focal males (mean 
difference = 5.509 x 10
-6
).  Likewise, focal neighbors after hearing a karoo were more 
aggressive than non-focal neighbors in 2008 (mean difference = 1.174 x 10
-5
) and 2009 
(mean difference = 2.018 x 10
-5
).  However, increased aggression was not more likely to 
occur in focal males (randomization test, p = 0.36) or focal neighbors (2008 
randomization test, p = 0.16, 2009 randomization test, p = 0.12) after hearing a karoo 
compared to non-focal males or non-focal neighbors in both 2008 and 2009.  
In 2008 and 2009, eavesdropping neighbors after hearing a karoo on average had 
higher rates of strutting and aggression and higher percentages of time displaying 
compared to themselves before hearing a karoo (Appendix A4).   However, these were 
not more likely to occur in 2009 (randomization tests, p = 0.23, p = 0.28, p = 0.08 
respectively).  In 2008, although strutting (randomization test, p = 0.08) and aggression 
(randomization test, p = 0.49) were not more likely to increase among eavesdropping 
males after hearing a karoo, these males did spend more time displaying compared to 
themselves before hearing a karoo (randomization test, p = 0.0004).   
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Focal neighbors exhibited lower rates of strutting and percentages of time 
displaying in 2008 and lower rates of strutting in 2009 before hearing a karoo compared 
to non-focal neighbors (Appendix A2-3).   Hence, focal neighbors were no more likely to 
exhibit higher rates of strutting (2008 randomization test, p = 0.92, 2009 randomization 
test, p = 0.70) or higher percentages of time displaying (2008 randomization test, p = 
0.61, 2009 randomization test, p = 0.45) than non-focal neighbors before hearing a karoo.  
Although, aggression was higher in focal neighbors before hearing a karoo compared to 
non-focal neighbors (Appendix A2-3), this was not more likely to occur (2008 
randomization test, p = 0.49, 2009 randomization test, p = 0.37).   
Comparing the difference between focal neighbors before and after hearing a 
karoo to the difference between non-focal neighbors before and after the corresponding 
female activity showed focal neighbors strutted at lower rates and spent a smaller 
percentage of time displaying than non-focal neighbors in both 2008 and 2009 (Appendix 
A5).  Yet in both years, focal neighbors had higher rates of aggression than non-focal 
neighbors (2008 mean difference = 1.518 x 10
-5
, 2009 mean difference = 1.451 x 10
-5
).  
Higher rates of strutting and aggression and higher percentages of time displaying were 
no more likely to occur in focal neighbors than non-focal neighbors (Appendix A5).  
In both 2008 and 2009, focal males exhibited lower rates of aggression (mean 
difference = -2.231 x 10
-5
, mean difference =-1.104 x 10
-5
) and were no more likely to be 
aggressive than their neighbors after hearing a karoo (randomization tests, p =0.99, p = 
0.72 respectively).  However, focal males did strut at higher rates and spend a larger 
fraction of time displaying (Appendix A6) and were more likely to exhibit higher rates of 
strutting (2008 randomization test, p = 0.02, 2009 randomization test, p = 0.003) and 
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higher percentages of time displaying (2008 randomization test, p = 0.008, 2009 
randomization test, p = 0.03) after hearing a karoo compared to their eavesdropping 
neighbors in both years.  Tabulated and graphical representations of the focal male’s 
behavior compared to the focal neighbor’s behavior after hearing the karoo are provided 
in Tables 5, 6 and 7 and Figures 6, 7 and 8.   
 Karooing hens were twice as likely to karoo while soliciting as opposed to before 
soliciting, because only 4 out of 12 hens karooed prior to soliciting (Appendix B1).  Out 
of the 33 males karooed to, 19 were karooed to multiple times (0.576).  Therefore, 
karooing hens were more likely to karoo multiple times to a single male rather than just 
once. 
 
 
 
 
Table 5. Focal male’s reaction to the karoo compared to his eavesdropping neighbor’s 
reaction in 2008.  
 
Focal males vs. Focal Neighbors 2008 
behavior 
focal male 
average 
focal neighbor 
average mean difference 
pecking 2.564 x 10
-5
 1.795 x 10
-6
 2.385 x 10
-5
 
push wire 5.231 x 10
-5
 8.718 x 10
-6
 4.359 x 10
-5
 
strutting 3.564 x 10
-5
 1.025 x 10
-5
 2.538 x 10
-5
 
aggression 7.692 x 10
-7
 2.307 x 10
-5
 -2.231 x 10
-5
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Figure 6.  Graphical representations of the focal male’s behavior after hearing a karoo 
compared to the focal neighbor’s behavior after hearing a karoo in 2008. 
 
 
 
 
 
 
Table 6.  Focal male’s reaction to the karoo compared to his eavesdropping neighbor’s 
reaction in 2009. 
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Figure 7. Graphical representations of the focal male’s behavior after hearing a karoo 
compared to the focal neighbor’s behavior after hearing a karoo in 2009. 
 
Displaying in 2008 and 2009 Males 
year 
focal male 
average 
focal neighbor 
average 
mean difference 
2008 0.91851231 0.742976154 0.175536154 
2009 0.84724056 0.666182486 0.181058071 
 
Table 7.  Comparison of display behavior after hearing a karoo between focal males and 
focal neighbors in 2008 and 2009. 
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Figure 8.  Graphical representation of the display behavior after hearing a karoo, 
comparing focal males to focal neighbors in 2008 and 2009. 
 
Urgency Hypothesis Support 
 Mixed evidence for the urgency hypothesis was found.  In 2008 and 2009, focal 
males pecked at higher rates and pushed wire at lower rates after hearing a karoo 
compared to non-focal males (mean difference = 6.486 x 10
-6
, mean difference = -2.258 x 
10
-5
).  However, focal males were not likely to have higher rates of pecking 
(randomization test, p = 0.43) and pushing wire (randomization test, p = 0.96) after 
hearing a karoo than non-focal males in 2008 and 2009 combined.  On average, focal 
males exhibited higher rates of pecking and pushing wire after hearing a karoo than their 
eavesdropping neighbors in both 2008 and 2009 (Tables 5-6, and Figures 6-7).   In 2009 
after hearing a karoo, higher rates of pecking (randomization test, p = 0.07) and push wire 
(randomization test, p = 0.31) were no more likely to occur among focal males than 
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among eavesdropping neighbors (Appendix A6).  In 2008 higher rates of push wire were 
more likely to occur among focal males than eavesdropping neighbors (randomization 
test, p = 0.005) after hearing a karoo, but higher rates of pecking were not (randomization 
test, p = 0.24).  
 In both 2008 and 2009, focal neighbors after hearing a karoo compared to 
themselves before hearing a karoo showed higher rates of pecking (Appendix A4), but 
these were not more likely to occur (2008 randomization test, p = 0.30, 2009 
randomization test, p = 0.50).  Focal neighbors after hearing a karoo exhibited higher 
rates of pushing wire than they did before hearing a karoo in 2008 and lower rates in 
2009 (Appendix A4).  Higher rates of pushing wire were not more likely to occur in focal 
neighbors after hearing a karoo versus before hearing a karoo (2008 randomization test, p 
= 0.21, 2009 randomization test, p = 0.54).  Focal neighbors before and after hearing a 
karoo compared to non-focal neighbors pecked and pushed wire at lower rates (Appendix 
A5), except in 2008 where pecking rate was higher (mean difference = 3.590 x 10
-7
).  As 
a result, higher rates of pecking and pushing wire were not likely to occur among focal 
neighbors in 2008 and 2009 (Appendix A5).     
  Karooing females were not more likely to occur in infected treatment groups (x
2
 
= 1.33, p > 0.05).  These females were also not more likely to exhibit higher rates of 
solicitation (Appendix B3, unpaired t-test, mean difference = -0.046, p = 0.22) or higher 
ratios of males solicited to males visited (Appendix B4, unpaired t-test, mean difference 
= 0.075, p = 0.56) than non-karooing females.  Shorter latencies of the first solicit were 
not more likely for karooing females than for non-karooing females (Appendix B5, 
unpaired t-test, mean difference = -4.846, p = 0.91).  As previously stated, karooing while 
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soliciting was twice as likely among karooing hens.  Based on the fact that only 14 of the 
33 males karooed to were karooed to only once (0.424), karooing hens were not likely to 
karoo only once to a single male.   
Healthy Female “Hot Mama” Hypothesis Support  
  Support based on male behavior for the healthy female hypothesis is similar to 
that of the urgency hypothesis because the male behavioral predictions are the same in 
both hypotheses.  To briefly summarize the results mentioned above, focal males 
exhibited higher rates of pecking and lower rates of pushing wire after hearing a karoo 
compared to non-focal males in both 2008 and 2009.  In both years, higher rates of both 
pecking and pushing wire were no more likely to occur among focal males after hearing a 
karoo than non-focal males.  While they did peck and push wire at higher rates, focal 
males were only likely to have higher rates of pushing wire compared to eavesdropping 
neighbors in 2008 but not 2009.   
 As previously mentioned, karooing females were no more likely to occur in 
infected treatment groups than in non-infected treatment groups (Appendix B2).  Lower 
rates of solicitation (unpaired t-test, mean difference = -0.046, p = 0.78), as well as lower 
ratios of males solicited to males visited (unpaired t-test, mean difference = 0.075, p = 
0.45) were not more likely to occur among karooing females than non-karooing females.  
Karooing females were not likely to exhibit longer latencies of the first solicit compared 
to non-karooing females (unpaired t-test, mean difference = -4.846, p = 0.09).  As 
mentioned earlier, karooing hens were twice as likely to karoo while soliciting rather than 
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before soliciting, and these females were also more likely to karoo multiple times to a 
particular male versus karooing only once to a single male.  
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DISCUSSION 
 
  Communication is a critical feature of life.  It occurs when a signaler produces at 
least one of four different stimuli (visual, chemical, tactile and acoustic) that elicits a 
response in a receiver (Sebeok 1968 p. 17).  Communication is strongly related to sexual 
selection because of its effect on individual fitness (Alcock 1984 p. 448).  Cooperative 
communication results in positive fitness effects for both the signaler and the intended 
receiver, where as uncooperative communication involves at least one party experiencing 
negative fitness effects (Alcock 1983 p. 448-452).  The adaptive functions of the mode of 
communication specifically focused on in this study, acoustic communication, have been 
studied in a large number of species, such as alarm calling in African elephants and 
territorial calling in male pied bush chats (Soltis et al. 2014; Sethi et al. 2012).  Acoustic 
communication associated with mating is an exciting and widely researched area of 
which this study hopes to contribute.   
 Mating vocalizations, as mentioned earlier, can occur before, during or after the 
act of copulation.  The function of these vocalizations varies among species and between 
the sexes; however, some general functions occurring in multiple species and both sexes 
include competition and mate attraction (Yorzinski and Anoop 2013; Emerson and Boyd 
1999; Montgomerie and Thornhill 1989; Bowyer et al. 2011).  This study described a 
novel, copulation call referred to as the “karoo” produced by female wild turkeys and 
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tested three hypotheses for its function: 1) the competitive hypothesis, 2) the urgency 
hypothesis and 3) the healthy female “hot mama” hypothesis.  In order to test each of 
these hypotheses, male and female behavioral predictions were made.  The predictions 
associated with each hypothesis, the methodology for testing for said predictions, as well 
as the results for male and female behavior are discussed in detail earlier in the text.  I 
will now discuss the biological meaning of each of these behaviors, how they are 
supported or unsupported by the results of this study and how they relate to the broader 
concepts of communication and sexual selection. 
 As a result of the limitations of this study, the only feasible means of assessing a 
male’s eagerness to copulate are pecking in the direction of a female and pushing the 
wire at the front of the cage.  The only statistically significant finding of a higher rate of 
pecking occurred in 2009 focal neighbors compared to non-focal neighbors before a 
female had even karooed.  Although not statistically significant, these same focal 
neighbors on average exhibited a decrease in pecking rate compared to non-focal 
neighbors after hearing a karoo.  The rest of the data on pecking rate did not result in 
statistical significance.  However, in all but two cases, males who heard a karoo during 
the trial showed higher rates of pecking on average compared to males who had not heard 
a karoo.  It is certainly interesting that such a large portion of the results lean in the 
predicted direction, possibly suggesting an effect of the karoo on male eagerness to 
copulate.   A table of just the significant effects might be helpful. 
 Pushing the wire at the front of the cage by a male was also used as a means of 
measuring a male’s eagerness to mate with a female.  Only one instance of statistically 
significant higher rates of pushing the wire by a focal male or focal neighbor was found.  
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Focal males in 2008 were more eager to mate with a female than their eavesdropping 
neighbors after hearing a karoo, supporting the urgency and healthy female “hot mama” 
hypotheses.  Regardless of statistical significance, not as much of the data on pushing 
wire fell in the direction of the prediction as the data on pecking did.  Five of the eleven 
tests on pushing wire showed average decreases in rates of pushing wire among males 
that heard a karoo compared to males who did not.   
 Hens express their willingness to mate by crouching low to the ground (Healy 
1992, p.49).  A common theme of the urgency and healthy female hypotheses is the 
additional expression of female receptivity by the karoo.  Under the urgency hypothesis, 
females express their eagerness to mate in order to speed up the act of copulation and 
minimize costs associated with mating and infection.  According to the healthy female 
hypothesis, females vocalize their willingness to mate in order to increase their chances 
of mating with the highest quality male.  As a result, they have a competitive advantage 
over non-karooing females.  Announcing female receptivity can benefit females as well 
as males.  For example, male African clawed frogs, Xenopus laevis, can discriminate 
between female receptive and female unreceptive calls (Xu et al. 2011).  This allows 
males to alter their reproductive strategies, competing for dominance only when receptive 
females are around and minimizing energy expenditure (Xu et al. 2011).  According to 
the urgency and healthy female hypotheses, by the time the female karoos to a male she 
has already decided that he is the best mate.  Therefore, the most beneficial strategy for 
males and females under these hypotheses is for males to decrease any competitive or 
courtship behaviors and mate with the calling female as soon as possible.   This would 
allow males to minimize energy expenditure and females to minimize reproductive and 
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predation costs.  Most males in this study who heard a karoo were not likely to be more 
eager to copulate than males who did not hear a karoo.      
 Strutting and displaying are behaviors that indicate a male’s investment in 
attracting females for mating.  These behaviors were observed in this study as a means of 
assessing male-male competition.  Because strutting and displaying are involved in 
courtship, the male who struts and displays more should theoretically outcompete other 
males for a female’s attention.  Focal males in both 2008 and 2009 exhibited increased 
courtship efforts after hearing a karoo compared to their eavesdropping neighbors, 
supporting the competitive hypothesis.  Focal neighbors in 2008 and 2009 had higher 
average strut rates after hearing a karoo compared to themselves before hearing a karoo; 
however, these findings are not statistically significant.   The other methods for testing 
male behavior for the effect of the karoo showed decreases in average strut rate for males 
who heard a karoo compared to males who did not.   
Like strutting, displaying his large fan-like tail is another way that males attract 
mates.  Because a male must be displaying in order to strut, these two behaviors resulted 
in similar findings.  For instance, after hearing a karoo, focal males in 2008 and 2009 
increased their efforts of attracting the interest of a female compared their eavesdropping 
neighbors, supporting the competitive hypothesis.  Additional support for this hypothesis 
comes from the renewed courtship efforts of focal neighbors in 2008 after hearing a 
karoo compared to themselves before hearing a karoo.  Although not statistically 
significant, 2009 focal neighbors displayed for longer fractions of time after hearing a 
karoo than they did before hearing a karoo.  Besides 2009 focal neighbors showing 
higher percentages of time displaying before hearing a karoo compared to non-focal 
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neighbors, the rest of the results show an average decrease in displaying among males 
who heard a karoo compared to those who did not.   
Male displays that are honest signals may play a role in male-male competition 
and female choice (Hagelin 2002).  Assessing an opponent’s condition honestly on the 
basis of a display allows both parties to avoid any unnecessary costs such as those of 
physically fighting (Hagelin 2002).  Females gain positive fitness effects by assessing 
those secondary sexual characteristics that honestly indicate male condition (Bradbury 
and Vehrencamp 1998, p.746).  In two species of quail, Gambel’s (Callipepla gambelii) 
and scaled (Callipepla squamata), high display rates (i.e. calling and formal tidbitting) 
are beneficial to male-male competition and female choice, suggesting that behaviors 
convey practical information (Hagelin 2002).  Although the energetic costs of strutting 
and displaying in male wild turkeys are unknown, strut rate may be associated with snood 
length which is an indicator of male dominance (Buchholz 1995; Buchholz 1997).  It is 
possible that females assessed male condition on the basis of several traits.  For example, 
hens may approach a male with a long snood (indicative of coccidia levels, male 
condition and possibly age) (Buchholz 1995) and karoo multiple times to incite 
competition between males to ensure she will mate with the highest quality male.   
 The final male behavior observed in this study is aggression.  This type of 
behavior is directed toward surrounding males (i.e. neighbors) and is an attempt to repel 
other males away from the female.  Although no statistically significant results were 
found, once again there are some interesting trends in the data.  Almost all of the methods 
for assessing male behavior show higher rates of aggression on average in males who 
heard a karoo compared to those who did not.  Two sets of comparisons resulted in 
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decreased average rates of aggression among focal males after hearing a karoo compared 
to their eavesdropping neighbors.  This is interesting because it suggests that focal males 
were less aggressive than their neighbors after hearing a karoo, but still more aggressive 
than themselves on a day without a karoo.   
As previously discussed, these same males exhibited significantly higher rates of 
strutting and higher percentages of time displaying.  Perhaps these males invested their 
time and energy in strutting and displaying as a means of competing for a female in order 
to avoid the negative effects of a physical fight.  Contrary to these findings, pre-
copulatory calling by Alaskan moose has been shown to increase male-male aggression 
(Bowyer et al. 2011).  Females gave protest moans more frequently when courted by 
small and medium sized males; within fifteen minutes of calling aggressive interactions 
between males were more than two times likely to occur (Bowyer et al. 2011).   
 The posture of the female during the karoo was an area of interest in this study 
because it indicates the commitment level of a female to a male.  As I have already 
mentioned, hens signal their willingness to copulate when they crouch low to the ground 
(Healy 1992, p.49).  The male approaches from the rear and stands on the female’s back 
(Healy 1992, p.49).  With males weighing roughly twice as much, females may be at a 
risk for injury (Pelham and Dickson 1992, p.34; Wagner 2011).  However, the benefits of 
mating with a high quality male may outweigh the risks involved (Wagner 2011).  Since 
females were two times more likely to karoo while soliciting, karooing may function 
more as a means of communicating information about the signaler to the receiver rather 
than as a means of assessing the receiver.  This result supports the urgency and healthy 
female hypotheses, rather than the competitive hypothesis.   
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Comparisons of the rate of solicitation of karooing females to non-karooing 
females were used to assess female urgency of copulation.  Karooing females actually 
solicited at a higher rate than non-karooing females, although the p value does not 
indicate significance.  Because physical contact between males and females did not occur 
in this study, females did not actually mate with multiple males, rather females assumed a 
crouching position in front of the males’ cage.  Therefore, a high rate of solicitation 
indicates a female crouched in front of several male cages during her trial.  This repeated 
behavior is suggestive of an eagerness to mate and is expected according to the urgency 
hypothesis.  This high rate of solicitation may be the result of the female attempting to 
reduce costs of mating, such as time and energy spent searching for a mate (Frame 2012). 
The ratio of males solicited to males visited signifies female choosiness.  Once 
again, the p value does not indicate significance, but karooing females solicited fewer 
males than visited compared to non-karooing females.  This behavior would be expected 
under the healthy female hypothesis.  Choosiness can incur costs to the female such as 
the potential to go unmated and risk of predation (Frame 2012).  However, the costs can 
be offset if the direct or indirect benefits from choosiness are greater (Wagner 2011).   
The latency of the first solicit can reveal both a female’s urgency and her I found 
interpretation of all the non-significant effects distracting and confusing choosiness.  
Longer latencies of the first solicit occurred among karooing females; however, this 
result is not statistically significant.  Longer latencies are indicative of the healthy female 
hypothesis, rather than the urgency hypothesis.  The same risks are associated with 
searching longer for a mate as with being choosy (Frame 2012).  Although if searching 
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longer allows a female to find the best quality male, then the risks will be offset by the 
benefits he will provide (Wagner 2011).  
The last aspect of female behavior considered in this study is the number of 
karoos per male, which can function to induce competition among males, indicate female 
choice or assist in female competition.  Because females were more likely to karoo 
multiple times to a male, the karoo was more likely to induce male-male competition or 
assist in female competition.  As previously mentioned, the frequency of calling by 
female Alaskan moose decreased with increasing body size of the courting male (Bowyer 
et al. 2011).  Hence, multiple calls may be necessary to stimulate competition between 
males as needed.  Females in several other species also produce mating vocalizations as a 
way of inciting male competition.  Female Barbary macaques emit vocalizations during 
copulation which increases their chances of mating with a superior male and promotes 
subsequent copulations with the female, evoking competition on the sperm level (Semple 
1998; Pfefferle et al. 2008).  Karooing multiple times to a single male could be 
advantageous in female competition.  As previously mentioned, multiple matings by 
males can result in reduced sperm for a period of time.  This “sperm exhaustion” incurs 
costs of mating upon females and has been shown to result in reduced female fitness 
benefits in insects, crustaceans and fish (Frame 2012).  Therefore, it may be in the best 
interest of females to compete for high quality male sperm. 
Interestingly, the majority of significant findings in this study resulted from the 
fourth method of comparing male behavior (Table 3).  This method compared the 
behavior of the focal male after hearing a karoo to the behavior of his eavesdropping 
neighbor after hearing a karoo in order to gage how the auditory and visual aspects of the 
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karoo synergistically effect male behavior.  Significant increases in pushing wire, 
strutting and displaying occurred among 2008 focal males compared to their neighbors.  
Also, significant increases in strutting and displaying occurred in 2009 focal males 
compared to their eavesdropping neighbors.  These results suggest that visual aspects 
associated with the karoo enhance the male’s reaction to the call.  However, this may not 
be the case.  In 2009, dividers were placed in the “near” aisle in between each male cage 
that prevented males from seeing a female in front of a neighboring male’s cage.  
Because there were no dividers in place in 2008, eavesdropping neighbors could 
potentially see a female karooing.  This means focal males and focal neighbors were 
likely subject to identical stimuli.  Consequently, any differences between the two males 
may not result from the effect of the karoo.  I suggest that the act of solicitation enhances 
the effect of the karoo on male behavior.  Five out of seven significant findings involved 
comparing focal males to their neighbors.  Since females were twice as likely to karoo 
while soliciting, focal males were likely being solicited when they heard a karoo.  More 
evidence is necessary to understand the relationship between the two signaling 
modalities. 
After reviewing the results of this study, I found evidence supporting each of my 
hypotheses (Tables 8-9).  However, I suggest that the purpose of the karoo is most likely 
explained by the competitive hypothesis.  This is based on the significantly higher rates 
of strutting and higher percentages of time displaying of focal males after hearing a karoo 
compared to their eavesdropping neighbors in both 2008 and 2009.  Although females 
were not likely to karoo before or without soliciting, they were more likely to karoo 
multiple times to a single male.  Eliciting male-male competition ensures a female will 
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mate with the highest quality male which results in increased fitness for the female.  As 
discussed earlier, females in several other species produce mating vocalizations for 
similar reasons.   
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Table 8. Summary table showing support for male predictions.  Arrows indicate 
predictions.  Check marks indicate support for predictions. 
 
 
Table 9 Summary table showing support for female predictions. Check marks indicate 
support for predictions. 
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In conclusion, karooing resulted in renewed courtship efforts of focal males 
compared to their eavesdropping neighbors.  These results suggest there may be a 
synergistic effect of the auditory and visual aspects of the karoo.  However, further 
investigations are necessary to better understand this relationship.  Overall, the results of 
this study point to the competitive hypothesis as the most plausible explanation for the 
function of the karoo.  Similar functions of mating vocalizations can be found across the 
animal kingdom.   
Regardless of the reason for vocalizing, whether it is to incite competition or 
attract mates, the caller must receive fitness benefits in order for the signal to withstand 
sexual selection pressures (Alcock 1984, p.448).  Hence animal communication is 
strongly related to sexual selection.  Perhaps investigating the fitness benefits received by 
karooing females would provide more clues as to why only a few females karoo and help 
to determine the adaptive function of this call.  
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APPENDIX A 
Tabulated male behavioral results from the randomization tests. 
A1)    
                                                                    
 
 
 
 
 
A2) 
2009 focal 
neighbors 
vs. non-
focal 
neighbor 
5 min before karoo or 
activity 
5 min after karoo or 
activity 
behavior 
mean 
difference 
p 
value 
mean 
difference 
p 
value 
pecking 9.000 x 10
-6 
0.04 -1.853 x 10
-5
 0.63 
push wire 1.067 x 10
-5
 0.18 5.750 x 10
-6
 0.32 
strutting -3.000 x 10
-6
  0.70 -3.089 x 10
-6
  0.69 
aggressio
n 
5.667 x 10
-6
 0.37 2.018 x 10
-5
 0.12 
% time in 
FT 
2.243 x 10
-2 
0.45 -4.460 x 10
-2
 0.67 
 
 
 
 
2008 and 2009 combined data for focal male vs. non-focal male 
behavior mean difference p value 
pecking 6.486 x 10
-6 
0.43 
push wire -2.258 x 10
-5 
0.96 
strutting -1.996 x 10
-5 
0.96 
aggression 5.509 x 10
-6 
0.36 
% time in FT -1.543 x 10
-2 
0.60 
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A3) 
2008 focal 
neighbors 
vs. non-focal 
neighbors 
5 min before karoo or 
activity 
5 min after karoo or 
activity 
behavior mean difference 
p 
value 
mean difference p value 
pecking 4.915x 10
-7
 0.40 1.128 x 10
-6
 0.32 
push wire 6.410 x 10
-8
 0.51 -1.062 x 10
-5
 0.83 
strutting -7.137 x 10
-6
 0.92 -1.441 x 10
-5
 0.92 
aggression 8.974 x 10
-8
 0.49 1.174 x 10
-5
 0.16 
% time in FT -3.099 x 10
-2
 0.61 -9.240 x 10
-3
 0.53 
 
A4) 
 
 
 
 
 
 
 
 
 
 
 
 
 
Focal 
neighbors 
pre-karoo 
vs. post-
karoo 
2009 2008 
behavior mean difference 
p 
value 
mean 
difference 
p value 
pecking 
4.987 x 10
-6
 0.50 1.026 x10
-6
 0.30 
push wire 
-1.668 x 10
-6
 0.54 6.154 x 10
-6
 0.21 
strutting 
1.911 x 10
-6
 0.23 7.949 x 10
-6
 0.08 
aggression 
1.224 x 10
-5
 0.28 5.128 x 10
-7
 0.49 
% time in 
FT 
1.998 x 10
-1
 0.08 4.222 x 10
-1
 0.0004 
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A5) 
 
 
 
 
 
 
 
  
 
 
A6) 
 
 
 
 
 
 
 
 
 
 
 
 
 
Focal neighbors (post karoo -pre karoo) vs. Non-focal neighbors 
(post activity - pre activity) 
  
2008 2009 
behavior mean difference p value mean difference p value 
pecking 3.590 x 10
-7
 0.55 -2.753 x 10
-5
 0.75 
push wire -1.051 x 10
-5
 0.85 -4.917 x 10
-6
 0.64 
strutting 
-1.005 x 10
-5
 0.86 -8.888 x 10
-8
 0.51 
aggression 
1.517 x 10
-5
 0.23 1.451 x 10
-5
 0.25 
% time in 
FT 
-9.500 x 10
-3
 0.53 -6.703 x 10
-2
 0.65 
Focal males 
vs. focal 
neighbors 
2009 2008 
behavior mean difference p value 
mean difference p value 
pecking 
2.385 x 10
-5 
0.24 1.168 x 10
-4
 0.07 
push wire 
4.359 x 10
-5
 0.0052 7.324 x 10
-6
 0.31 
strutting 
2.538 x 10
-5
 0.02 5.016 x 10
-5
 0.0034 
aggression 
-2.231 x 10
-5
 0.99 -1.104 x 10
-5
 0.72 
% time in 
FT 
1.755 x 10
-1 
0.0080 1.811 x 10
-1
 0.0298 
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APPENDIX B 
Tabulated results of female behavioral analyses. 
B1) 
year Trial 
female 
ID 
karoo 
only 
karoo 
before 
sol 
karoo 
during 
karoo 
both 
no 
karoo 
total 
males 
2008 45 6742 0 0 2 0 0 2 
2008 48 6517 0 0 2 0 5 7 
2008 92 228 0 0 1 0 3 4 
2008 96 B454 0 0 2 0 2 4 
2008 129 B429 0 0 5 0 1 6 
2008 145 6705 1 0 2 3 1 7 
2009 15 339 0 0 3 2 0 5 
2009 83 6705 0 0 1 0 0 1 
2009 97 B454 2 0 0 4 0 6 
2009 104 228 0 0 1 0 0 1 
2009 105 6757 0 0 0 1 3 4 
2009 161 6671 0 0 2 0 0 2 
 
B2) 
 Non-
karoo or 
Karoo 
AB 
treatment 
groups 
CD treatment 
groups 
x
2
 value p-value 
2008 Non-karoo 27 15 1.33 > 0.05 
karoo 2 4 
2009 Non-karoo 27 22 
Karoo 2 4 
 
B3) 
Rate of solicitation Count Mean p-value 
below 
p-value 
above 
Non-karooing 
females 
91 0.149 
0.22 0.78 Karooing females 12 0.195 
 Mean 
difference 
-0.046 
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B4) 
Ratio of solicits to 
visits 
Count Mean p-value 
below 
p-value 
above 
Non-karooing 
females 
91 0.603 
0.56 0.45 Karooing females 12 0.528 
 Mean 
difference 
0.075 
 
B5) 
Latency of the first 
solicit 
Count Mean p-value 
below 
p-value 
above 
Non-karooing 
females 
88 7.755 
0.09 0.91 Karooing females 12 12.601 
 Mean 
difference 
-4.846 
 
 
